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Warning: Readers who don't want to get hooked on ‘physics 
should avoid this book! 


’ Amusing, irreverent, sophisticated, and highly accessible, Ein- 
| stein for Beginners is the perfect introduction to Einstein's life 
and thousht in his centenary year. , 
Reaching back as far as Babyion (for the origins of mathemat- 
ics) and the Etruscans (who thought they could handle light- 
ning), this book takes us through the revolutions in electrical | 
communications and technology which made the theory of 
relativity possible. in the process, we meet scientific luminanes 
and personalities of Imperial Germany as well as Galilzo, Farady, 
and Newton; learn why moving clocks run slower than station- 
ary clocks, why nothing can got faster than the speed of light; 
and follow Albert's thought as he works his way tow: ard 
F=mc?, the most famous equation of the twentieth century. 
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‘If relativity is proved right the Germans will call me a German, the Swiss will call mea 
Swiss citizen, and the French will call me a great scientist. 

If relativity is proved wrong the French will call me a Swiss, the Swiss will call mea 
German, and the Germans will call me a Jew.’ 


A\bert Einstein was born in 


Ulm, Soman eo on a 14, 1875 
into a world 


own making. 


me —< Justlike the rest of us. 


hat. was going on in the world ? 


FE The 18805 marked 
ie beginning of 
the ag 
impor ntD and 
monopo y 
capitals 


LENIN 


18 Franco-Prussian War — Prussia annexes Alsace-Lorraine, 
declares a German Empire, receives 5,000,000,000 francs 
indemnity and blows it all in financial speculation. 


The Paris Commune — Workers and soldiers take over the 
government of Paris for 3 months. The Commune suppressed 
with the help of the Prussian Army. 30,000 Communards 

executed by the French authorities. 


The Great World-Wide Financial Crash. The next 17 years 
meant hardship for ordinary people; great profits and 
consolidation for a few. Small businessmen, like Einstein’s 
father, were badly hit. This was a time of labor struggles, 
immigration, the rise of militant socialism. 


1 7 Bismarck passes anti-socialist laws to suppress working-class 
8 political agitation. 


re 

The great questions of 
the day will not be. 
Settled Dy resolutions 
and majority votes but 

by blood and iron. 


1815-1898 


Chancellor of German 
i871 -1890 


Wilhelm Marr coins the word 
anti-Semitism and founds the 
League of Anti-Semites. 


Jews get 
the blame 
for the 
Financial 
crisis. 


The Jewish tribe has indeed a different blood 
from the Christian peoples of Europe, a different 
body, a different constitution, other affects and 
passions. If we add to these peculiarities the 
thick fat skin and the volatile, mostly disease 
inclined blood, we see before us the Jew as 
white Negro, but the robust nature and capacity 
for physical work of the Negro are missing and 
are replaced by a brain which by size and 
activity bring the Jews close to the Caucasian 
peoples. 


Bismarck’s 
friand 


se te 


Blimey Sif it aint the Jews, it's the Irish 
‘and if not the Irish it’s the blacks! 


Mamma mia, 
~ with us, they 
blamethe | 
Sicilians! 


t's a period of tremendous overall industrial expansion. 
People throughout Europe are forced off the land 
and into the cities. 


The rural Jewish population of 
southern Germany fails by 70% 
between 1870 and 1900. 

Many emigrate to the Americas. 


n 1880 Albert's father's business fails because of the 
depression and the family moves from Ulm, 
population 1500, to Munich, population 230,000. 
Albert is one year old. 


NS Fine / 
Itmink You can go 


things So «| into 
are Better | Ga FO 

in 

Munich. 


1847 - 1902 ij 185 8- 1920 
Albert's father Albert's mother. 
Freeman of Buchau. Daughter of a court 


Jews were not completely el Abe Julius Koch- 
emancipated until 1867, 50 ernheimer. 
being a fieeman was special. 


entral fo Germany’s industrialization isthe growth of 
the chemical and’ electrical industries. 


The heavy chemical industry: 

bulk production of soda, nitrates, soap and 
sulphuric acid for bleaching, dyeing, printing, 
explosives and fertilizers. 


Light chemical industry: Intensive scientific research AS 
aniline dyes, pharmaceutical into the possibility of AW 
products, plastics. making use of coal 

by-products. 


Formation of cartels: 
|. G. Farben, Krupp, etc. 


Employ- 
ment for 
professors 


10 


Good for 
further 
exDeriments . 


Signaling by Electricity 1837: 
telegraphs, cables, batteries, terminals, insulated 
wire coils, switches, measuring instruments. 


Electroplating 1840: 
for fancy tableware and household objects for 
the prosperous middle classes. 


Electric Lighting 1860-80: 


arc lighting for streets, docks, railways and finally 
homes. 


Electric Power Production 1880: 
electrification of railways, furnaces, machinery, 
construction of power plants and distribution 
systems. 5 


it 


1881. In the suburbs of Munich, Albert’s father opens 
asmall factory with his brother Jacob, a train 
engineer. They’ manufacture dynamos, electric 
instruments and electric arc lights. 


Hermann and Jacob are part of the German 
electrical Industry cceece.s 


BE (which ts 


pa 


dl w ni ull : 
Wa! \Ga ping 
‘ ‘ ! | iy zy a penoaer 


intense 
monopol- 
ization. 


_ Siemens 4 
Halske - 
Schuckerf 


(General 
Electric Co) 


A.E.G 
(General 
Electric Co.) 


Siemens 4 
Halske - 
Schuckerl 


| the controlling banks 
me are known asthe 
. four “D’ banks. 


Darmstadter Bank 1853 
Diskontogesellschaft Bank 1856 
Deutsche Bank 1870 
Dresden Bank 1872 


y 1913, half the worlds trade in electro-chemical 
products was in German hands 


Glad you asked, 


The US ofA. 
General Electric Co., 
a combine of 


Thomson- Houston 
& Edison Co. 


ermann and Jacob Einstein are in for trouble. 
Their_small company cannot compete against giants 
like Siemens and Halske. 


1808-1886 
Scientific 


ity of 
Berlin. 


Joined forces 
with Siemens 


in 1847 


From q 
prominent 
Hanover 
family. 
Educated 
inthe. 
Prussian 


Army 
oe llery 


a8 . 
naineerin 
School 9 
Inventor 
of modern 
dynamo 

in 1867, 


Since electricity. 
Figures so strorigly in 
our story it is worth 
looking at the firm of 
Siemens and Halske in 
more detail. 
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iemens first inyenti 
Bellgerait ue was an improved process for gold 


sold 
in 184%. 


Siemens joins the circle 


of Berlin Universit 
sculls ne develops 
an improved tal 
oh esecrate 
ethod of coverin 
wire with seamless . 


insulation made of cheap 


material ( qutta- 
qa tee ar 
substance.) 


In 1847 he founds 
Telegraphen 
pouen edt van 
ens u 
manufacture i ae 
sta) te 
systems. : 


With his brother Charles acti 
the rights fo Eikington of 


a agent, he 
irmingham, U.K., 


THE WONDER of the AGE !! 


INSTANTANEOUS COMMUNICATION. 
2 of Her Majesty & H.R. Prince Albert. 


Under the special Patronag’ 


es renee ee oe 
THE GALVANIC AND ELECTROMMAGNETIC 


TELEGRAPHS, 


GN THE 


GT. WESTERN RAILWA Y. 


May be seen in constaat operation, daily, (Sundays excepted) fram 9 ult 8. at the 
TELECRAPH OFFICE, LONDON TERMINUS, PADCINGTON 
AND TELEGRAPH COTTACE, SLOUGH STATION. 


‘An Exhibition admitted by its numerous Visitors to be the most interesting 
and ATTRACTIVE of any in this great Metropolis, In the list of visitors are the 
iNustrious names of several uf the Crowned Heads of Europe, and nearly the 


much excited Public attention of late, is well 
worthy a vist from all who love to sca te woudersof teience.”—Monetnc Post. 
"The Electric Telegraph is unlimited in the nature and extent of its com- 
munications; by its extraordinary agency & person in Landon could converse with 
apother at NewYork, or at any other place however distant, as easily and nearly a» 
if both parties were in the sane suom. Questions proposed by Visitors 
bereto will instantaneously 
at their request, ring 2 beH 
after the sigual for his 


Fluid travels at the 
Second. 


(as in the late case 


be returned hy @ person 20 Miles off, who will also. 
or fire acannon, io sn 
doing so has been given. 


The Electric 
rate of 280,000 Miles per 


By its powerful agency Murderers have been appreended, 
of Tawell,)—fbieves detected; and ‘astly, which is of ro little importance, the 
timely assistance of Medical aid haa been procured in cases which otherwise wuuld 
have proved fatal. 
The er ational isaportanes of this wonderful invention is xo well known 
i aMlusir. here to its merits would be superfluous. 
gent (and fro with the most confiding secrecy. Messengers 
dance. so that communications receivid by Telegraph, would 
if required, to any part of Tondon, Winder, Exon, &e. 
ADMISSION ONE SHILLING. 
T. 


. Hows, Licensee. 


Nurton, Printer, 48, Ohurch St. Portman Market. 


[in 1848 he gets the Prussian government coritract to build 
a network ‘in Northern Germany. 


The. Frankfurt 

volutionar 
assembly ha 
Just elected the 
King To be j 

emperor. 


4 


mt 


i 


he 


Ms 


| 


revolutionaries 


Siemens loses the Prussian contract in 1850. 
BuT in Russia he succeeds in selling the Tsar 
on an extensive sysfem. 


IF 


1854-56 
Thanks to Siemens we can find out 
how that Crimean war is doing: 


4} Arent 
scientists 


Siemens 
uses his 
rofits From 
ussia for 
the next’ 
Big Deal - 
underwater 


he first transatlantic 
cable is laid 
between 1857 - 1868. 


Siemens organizes the Indo-European telegraph in 1870. 

It connects London - Berlin-Odessa-Teheran and 

Calcutta, He becomes consultant to the British government, 
His ship, the Faraday, lays 5 transatlantic 

cables between 1875 - 1885. 


Good 
morning, 
ee pened 
ere. 
ae better ena 
pull out of that 
gold deal. 
Wire London 
Se ST 
Whats the 
Price of cotton 
in London this 
week P 


Se 
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lectric power becomes a commodity. 
The first market is lighting for docks, railways and streets. 


= 


~ ® Schuckert, 
who combines 
p with Siemens , 


Tn the 
US it's 
Thomas 


Edison 

who S worked with 

Switches gar Edison in 
New Jersey. 


on. 


Edison organizes the construction of the first central 
generating station in 1882. 


Pearl St. Station of 
Edison Electric Illuminating Company 
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particula 


{- Con 
ONE 

¢ AvROPH 

ELECTRI Pa 8 


wg, LOUSB. 


ELECTROMAGNETIC 


i A 
ee 
i) CURLING COMB! 


soft, luxuriant curls, 
atticte is fava 
tg aera a 

forms @ electro-magn 
tricity with . 
only abe wh = ail straight hai 


a 


Twill Inst s Ufetime, arf 
be sent, froe of postage, to any part of the Uni [2 
Address Ef: 
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In 1887 the German goyernment opens the 
Physikalische - Technische - Reichsanstalt for 
research in the exact sciences and precision technology. 
Siemens donates 500,000 marks to the project. 
His old friend, Hermann von Helmholtz of 
the University of Berlin circle,is appointed head. 


18244- Bot 


Educated as an army surgeon. As the new 
professor of natural philosophy in Berlin 
in 1871 he initiated systematic tests of 

all existing theories of electricity and 
magnetism. His lab becomes the center of 
physics research on the Continent. Heis 
known as the patriarch of German science 
and the state’s foremost science advisor. 


So Albert was born when electricity had 
become big business and the most 
popular of the sciences. His future would 
be greatly influenced by the 
commitment of the German state to 
technical education and state-supported 
research. 


. In 1881 Alberts sister 
Maja is born. 


Our famil 
was very 
close-knit 
and ae) 

hospitable. 


Albert proves fo be a Albert's closest 
slow,dreamy child. friend in 
Even at age 9 he childhood. 


spoke hesitantly. 


Pauline, our | 
Bertie : 
seems a 
bit dim. 


|| Achs 
1 dorit worry. 
Perhaps 
he'll be a 
professor 
one day/ 


ic 
There,there. 
Well worr 
about it 
later. 


Papa, Idont 

ihe 7 i 7 + 4 like al this 
FH marching u 

a wh. Us RAY) and down. ; 


Uy, 
uN 
RK 
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TL 


Th 


Arms expenditure nearly 
triples between 1870 and 
1890. 


The officer corps increases 
from 3000 to 22,500. Three 
year military service is 
compulsory. Socialist 
literature is forbidden. 
Youths are subjected to 
fear and humiliation. 


Veterans organizations are 
state supported. 
Membership increases from 
27,000 in 1873 to 400,000 in 
1890 and 1,000,000 in 1900. 


Heads of state all appear in 
military uniform. 


Even the taxi drivers wear 
uniforms. 


Albert 


doesnt 
like if. 


Any 


On 


| 


TUT 


et 
SS 
———— == 


113) 
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Christ was 
nailed to 
the cross 


Albert goes to aCatholic school. 


Albert 
goes to 
School 000 


900 which 
is, Very 
military. 


He is the only Jew in his class.... 


eee 


(Albert's father was a non-religious Jew who 
regarded the kosher dietary laws as ancient 
superstition.) 


Sei aceremieaanas 


Albert, what do, you 
think of this?Its 
called 

el 
compass, 


Ibert had a much 
pg - 
at nome piay! 

ith his pave? 


sister Maja. 


How does tt 

| always point 
e ‘same 

way; papa ? 


B 

magnetism. 
Hush now 
and go to 
sleep. 


float in space : 
_ by itsel ? howwzzz 
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lbert’s uncle Jacob introduces him to math ccccocccs 


Like my uncle 
Jake. He always 
shows me things, 


" Algebra is a merry science. 
K + When the china we are 

hu nting cannot be 
caught, we call it xX 
temporarily and continue 
to hunt it until it ts caught. 


oocceeee And his mother introduces him 
to music and literature. 


Oh,no, Not violin Go on. you 
lessons! p= know you 
Its just / #% &\ like to play 
like when your 
school . , 


Bt was a Jewish custom 
in southern Germany to invite a 
oor Jew to dinner on Thursdays. 
Max Talmeys a medical student ‘in 
Munich, visited the Einstein 
home when Albert was 12. 


Great public interest in science 
in Germany produce 

opular science best-sellers 
and vice versa. 
Talmey brought some of 
these with him. 


/ 


Wow. 
nice pictures! 
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350 


nd more significantly Max followed up Uncle. Jake’s 
‘a _~— teaching of 

| algebra with 

a“book 

on geometry 


Psy 


Be Spieker 
‘ ee 


With Talmey’s assistance, 
Albert worked through 

Spieker’s Plane at 
Geomejry and later went on toteach 
himself the elements of calculus. 


Qed 


Better he 


Hermann 
do you 
think 
Albert 
aes 
00 
much & 


lbert’s reading undermines his faith in authority. 


Through the reading of popular scientific books | 
soon reached the conviction that much of the 
stories in the Bible could not be true. The 
consequence was a positive fanatic orgy of free 
thinking coupled with the impression that youth 
is intentionally being deceived by the State 
through lies. It was a crushing impression. 
Suspicion against every kind of authority grew 
out of this experience, a skeptical attitude 
towards the convictions which were alive in any 
specific social environment — an attitude which 
never left me, even though later on, because of a 
better insight into causal connections, it lost 
some of its original poignancy. 


Einstein, your presence 
inthe class iS disruptive 


and affectetne other 
students. 


You'll stay 
for 
detention. 


Not again -Oh well, 
its better 


t 
han sport schtung! < 


Parade 
ie 


3 Boring — 
5 Ridiculous. Ey 


Emperor 
charies 
VI 


IFII- 740 


** The teachers in 
elementary school 
appeared to me like 

a sergeants, and in 

the Gymnasium, the 
teachers were __ 
like \ieutenants.” 
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in 1894 Hermann’s business fails. The family moves 


south to Milan, Haly. 
Albert, youll stay here to 
Finish school and, get 
your diploma, youl 


) ca 4 need it. 
Boarding 
_House,>| 
pe 


After two months 
on his own, Albert 
obtains a doctor's 
certificate saying 

at he is suffering 
a nervous Dreak- 
down. The school | 
authorities dismiss him 


Just. what 
I wanted / 


Papa, Im renouncing, . 
my German citizenship. 


Im off to the 
mountains. I 

think Til vistt 
our cousins In 
Genoa. 


I going to do 
with him? 
No diploma either, 


Oy: 


Albert spends a free h ear in Italy. 
But his father’s BieTese Ph M4 again. 2 
ne family moves to Pavia where again 
it fails! 


Albert, I can 
no longer 
support you. 


You must 
Business?! become an 
Ha! Twill engineer 
become a and go into 
Theoretical . 


physicist iw Business. 
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Even when | was a fairly precocious young man, 
the nothingness of the hopes and stirrings which 
chases most men restlessly through life came to 
my consciousness with considerable vitality. 
Moreover | soon discovered the cruelty of that 
chase, which in those years was much more 
carefully covered up by hypocrisy and glittering 
words than is the case today. By the mere 
existence of the stomach everyone was con- 
demned to participate in that chase. 


Eidgenossiche Technische Hochschule, the ETH, in 
Zurich, the most elite technical school outside of 
Germany, would admit him if he passed an entrance 
exam. He failed miserably. 


ithout a diploma, Albert can’t enter University. But the 


Einstein, you've failed 

French, English, : 

Zoology and Botany. "ve arranged 
But you have a for you to 
superior knowledge attend the 
of mathematics. cantonal 
| school in 

Aarau. 


Herr Herzog. -. 
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class teacher of physics. 


Ibert has a good time in Aarau. 


Ooh, that 
Albert | 
Einstein 15 
Cute. 


He stays with the headmaster of the school, 
Professor Winteler, who has a son,Paul,and a 
daughter Albert’s age. Albert’s sister Maja later 
marries Paul Winteler, He studies physics With «cee 


eeos August luschmid, considered a first- 


The central problem 
in physics Today 
is. thé resolution. 
of Newton’s 
mechanical 
world view 
with the new 
uations of | 
electromagnetism. 


t the end of the year Albert graduates 
and pases his ETH exam. 


n 28January 696 Albert's official application for the 
termination of his German nationality is approved. 

He becomes a stateless person’ Albert nee 
his father that he should be a teacher instead of an 
enneer In October 1896 he is ready 

orme.... 


The bigtime - 


...."big time” | The 
what’s he mean ? 
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he ETH was a BigLeaque outfit. The Physics Institute was 
planned by Heinrich Weber and his friend Siemens. 


e000 Tt 
attracted 
world- 
wide. 
attention 


Description by Henry Crew, PhD, U.S. physics professor in 1893 : 


“1H. F. Weber and Dr Pernet are at the head of the physics department in 
the Polytechnic. They not only have the most complete instrumental 
outfit | have ever seen, but also the largest building | have ever seen 
used fora physical jaboratory. Tier on tier of storage cells, dozens and 
dozens of the most expensive tangent and high resistence 
galvanometers, reading telescopes of the largest and most expensive 
form by the dozen, 2 or 3in each room. The apparatus cost 400,000 
francs, the building alone 1 million francs.” 


WK 

4X, 

® //\ the students 

Ne organized | 

//\demonstrations 
\against the, 

mathematics 

\ lectures. 


’ ‘“ 
aT, Eo. Y 


Wd) Wa 


LY Ibert quickly decided that et 
mathematics was | 
far too specialized 
to be interesting........., 


Those engineers are 
right one 


A his time in the 
“superb physical 
laboratory doing 
experiments. He had a 
cavalier attitude toward 
A. TORMO IST PUCTION stuecdines weet ; 


| wanted to turn aside from the inessential. 
The hitch in this was of course, examinations, 


but in Switzerland there were only two and 
aside from these one could do just about as 
one pleased. 


4g RRS 
: “iss 
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Macatee and naturally he quickly antagonized some 
of his jastrulctors. 9 


You’re clever,Einstein, extreme! 
clever. But you have one great ‘fault: 
ee never let yourself 

e told anything! 


Yes, Herr Weber.... C oe Sm 


oO 


‘ He hates 

it when Il don*+ 
call him / 
Herr Professor / 


Tne 


Hey, Marcel, | 
what happened 
in differentia 


Jo same. old stuff/ 
y Le Here’s the noles. 


Lets have lunch. 
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$ 


Ibert gets 1oofrancs a 


month from his relatives. gre 
He saves 2o francs of £00\ 
iteach month toward ( do } 
his Swiss citizenship. La Seed 


Expensive.... and 
restricted to afew 
applicants. 


e forms friendships with Michelangelo Besso, 

* the finest sounding-board in all Europe.’ Marcel 
Grossmann,who later helps Albert gethis first secure 
job in the Swiss Patent Office,and Mileva Maric, 

d mathematician from Serbia whom he marries 

in 1903. They have a good time in the lively 
political atmosphere ‘of Zurich. 


Se sau fSinU reat er mmrenins: pean cma 


xiled revolutionaries from Germany and Russia all come 
to Zurich. Alexandra Kollontai, Trotsky, 
Rosa Luxemburg,and ldler Lenin, are there. 


D 
Albert learns i Friedrich is the son of Victor Adler, the leader 
about of the Austrian Social Democrats, sent by his 
| Tt) father to study physics ‘‘and forget politics’ 
revolls lonary But Adler remains involved in the socialist 


socialism from 


movement. In 1918 he assassinates the 


his friend Austrian Prime Minister. Albert submits 
Friedrich Ad ler, testimony on his behalf. 
a junior Friedrich gets amnesty 

. d doesn’t serve any time. 
lecturer in = 
physics. 


1 


n physics Newton’s 
of mechanics had 
previous 200 years. 


consolidation of the laws 
dominated for the 


Attended Trinity College, 


g Cambridge. Whig MP for 


Cambridge 1689-1690. Long ~- 
term interest in metallurgy 

led to his becoming Master 

of the Mint from 1696 to 

his death in 1727. Founder 

of the theoretical basis of 


f mechanics. Using Kepler's 


summary of the measurements 
of the motions of the 


|) planets he formulated jaws 
1 of motion of material objects. 


Clock- work. Opticks. 


Newton's mechanical world 


view is part of 18th & 19th century European philosophy 


and vice versa. 


Albert was skeptical but nevertheless impressed by 
the achievements of the mechanical world view. 


& 


- Dogmatic rigidity prevailed in 
ey aan all matters of principles. In the beginning God created 
fe ( = Newton’s law of motion together with the necessary 
& masses and forces. 


But what the 19th century @ achieved on this basis was 
bound to arouse the admiration of every receptive person. 


Albert, like most beginning physics students, 
particularly admired the ability of mechanics to 
explain the behavior of gases. The relationship 
between the pressure, volume and temperature of a 
gas could be derived by treating the particles of a 
gas as projectiles constantly bombarding the walls 
of the container. From this treatment came a 
number of impressive results: the way the energy of 
agas depended on temperature, how viscous a gas 
is, how well it conducts heat and how fast it can 
diffuse. Comparison of this model to experiment 
also yielded the first estimates of the sizes of atoms. 
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ut it was the physics of electricity and the 
electrodynamics of faradey, Marwel and Hertz 
that mosf attracted his attention.... 


Faraday: the most 
accomplished 
experimental physicist 
he 19"C. Son‘of a 
blacksmith. 


| 


He worked ryeqrs as a 
bookbinder ‘before . 

coming to the attention 
of Sir “Humphrey Davy. 


(E> 


() sir Humphrey Davy 
was heed of the 
Royal Institution in 
London. Faraday 
became Davy’s 
assistant and had to 
endure The rouline 
insults of the 
British class syslem 
pioneer his ; 
early years. Davy’s 
wife fefiised 1 
eat at the same 
table with him and 
demanded tnat 
Davy do the same. 


m theoretical work 
B indt paved the way 
for Maxwell's inch 
of electromagnetism 
Hiswork was 


ej Namperedin  Géguee’ 
= laler years bya «gl 
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Child of a prominent Edinburgh 
family. from 1857 to 1864 he 
worked at putting faraday’s 
results into mathematical ‘form. 


Maxwell's equations showed 
that electric and magnetic 
forces should move 
through empty space 
at exdcfly the 

speed cf light. 


Hmm.... Faradagy’s 
picture of lines 

force traversing all 
Space {sa good one. 


Maxwell expressed himself in 
obscure and contradictory 
language so his results weren't 
accepted in Europe. In 1871,1 
waded through his papers and 
realized that he was probably 

right. | put my best student on the 
problem of showing experimentally 
that the electric force propagated 
at the speed of light. 


propagate = spread out; get 
from place to place. 


Sl Tie 


Son of a lawyer and Senator of 
Hamburg. lrained_as an engineer, 

he became affracled fo Helmholtz’s 
lab in Berlin. In 1886,after Syears of 
work on Maxwell's theory: 
demonstrated experimerfially 

that the electric force propagates 
through space at the spe 

of light 


WHICH PREPARED THE WAY FOR RADIO 
Signer Gaghelmo- , *f Manon apt-ogg 


ie 


Hertz’s experiments were _ 
widely popularized and inspired 
tne 20-year-old Guglielmo Marconi. 


Working with Professor Augusto I tried to sell 
Sa a friend and neighbor le British 

in Bologna, Marconi Built admiralty q 
signalirig devices. self-propelled 


torpedo in 1896. 
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Ibert got very excited about this line of work. 


we 
é 
‘ . 
Gj 
- 


area aee P34 
The incorporation of optics into the theorgfot ¢ 
electromagnetism with its relation to the § a! 
speed of light to electrical and magnetic \ 
measurements... waslikearevelation! 


Electricty? Science Heys science 
ism isa force |) what is 
in about social 


production.|| curiosity?} | relations. 


yo vane Ten ae 
+ Pe Became we Scie WORKEN + 
Ceamntrensvt STROIN. 
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ow far would Albert's childhood curiosity about 
the moet have gotten without a social basis ? 
Withoulthe. organized work of many people like 
Faraday, Maxwell, Hertz and others ? 


Knowledge accumulates 


throtigh work 


Curiosity *is just away of saying 
that human Beings can changé 
their environment,can improve - 
things, can discover wha is use- 
ful or nof... 


The history of electricity and 
magnetism shows us how 
this process works ging 
right back to ancient times... 


If only we 
could use 
those 

volcanoes 
towarm US gee 
in winter / 


atural magnets, or 
lodestones, were reported 
by the Chinese circa 2600B.C. 


a) you dil 
or iron, yo 
ind lotz-of them. 


odestones are magnetized 

by the Earth’s own 

magnetism. Also called 
magnetite. It is an oxide of 

iron (iron combined with oxygen). 


“A jhe Chinese used them first 
“| Jor burial purposes and only 
“|. later for navigation. 


| There were occult 


| specialists in China called 

: geomancers their oD was 

_ to see that a person's grave 

was correctly lined up for 
proper entry fo tne 

affér- life. 
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round Yoo B.C, magnetized needles began to be 
used as direction indicaiors. 


Lucretius (circa 55B.C) wrote a poem about magnetism: 
“The steel wil move-1o seek the sfmesembrace— 
Or vp or down or'tamy offer plave— is 


From De Rerum NATURA 


And that was that for 1600 years. Magnetism was good 
for directions and as a curiosity for the leisur 


“My brother told me that Bathanarius produced a 


magnet and held it under a silver plate on which he 
placed a bit of iron. The intervening silver was 

not affected at all, but, precisely as the magnet was 
moved backward ahd forward below it, no matter 
how quickly, so was the iron attracted above.” 


lectricly has a similar history. 


The Greeks circa4oo B.C. 


Etruscans 
have a 
metnod for 
controllin 
tig hining: 


MN ME LLL. fl (YE 


And that's where that stood 


fora very long time / 


In 1726 a student of 
Newton's, Stephen 
Gray, showed that 
frictional 
electricity... - 


to travel 
along a 
hemp thread 


the end of the 18"C. anumber of people like 
Coulomb in France. and Galvani and Volta in Italy, 
supported by wealthy patrons, were exploring 
tne phenomena of electricity. 


Volta invented a battery which made steady currents 
available for the first time. 


_ Interest dropped off in 
frictional electricity and every- 
one rushed to make batteries because 
they were so much beffer. 


oulomb made detailed 
measurements of the 
electric force. His experi - 
ments showed that'a 
formula could be 

written, for the aie 
force similar to Newton's 
formula for gravitation. 


Experimenters tried to 
see if there was a 
connection between 
electric and 
Magnetic forces. 


Oersted Took a | rn l 


A piece or ULE ~ i | 


and showed that when current flowed in 
the wire the compass would deflect from ae north. 


BUT USE A SMALL BATTERY 


nr 
V 


PMndre Ampere made even 
more precise measurements 
of this new force exerfed by 
currents flowing through wires. 


Ampere's discovery was 
elegant bul Oersted’s was 
commercial. Electric 
telegraphy became possible 
because ‘ne electric current 
could be used to deflect a 
magnefized needle 
somewhere else and hence 
Pass on messages/ 


Having, shown that electricity 
inthe Torm of electric 
current could produce 
magnetic effects, if now 
remained to be shown 
that magnetism, could 
produce’ electric effects. 


This proved to be a tough nut 
= which was not crack 
unti] 1831 by Faraday. 
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araday was able to show finally that you could get 
an electric current from magnetism. 

(The magnetism had to change: A slatic magnetic force 
couldn't do it.) 


It had been a big gamble and a lot of hard work. 


Coigber 3. 1851 
Dea Bachar. 


This discovery showed that 
ou could get an electric 

current from the 

mechanical motion 

of magnets. 


Most everyone dropped 
research into batteries and 
Started building generators. 


Hippolyte Pixiis wasthefirst---  —— 


.++.which was along way from Siemens’ 
First dynamo in 1867. 


i 
ey. 


| 


And atthe same time 
people slarted _ 

experimenting with 
electric motors.... 


....which didn’t pay off 
until wide-scale 
distribution of power 
became profitable 

in the 1880's. 
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ut the key thing for our sfory is how faraday tried to 

understand thé effect he observed. - wes 

Faraday was one of the very few working-class scientists. 

His background of rich practical experiénce served him 

well in his. experimental work. And his overall 

perspective was very down joearh, =, 
nstead of trying fo make up elegant force ‘laws, 

Faraday tried to'visualize what was happening when 

a magnet and a current interacted. So he 

madé pictures of what was happening. 


Iron filings placed near magnets 
fend to ‘line up’ Faraday proposed 
t a magnet or a current-carrying wire 
sends out lines of force ina defiriite 
pattern, depending onthe shape and 
strength of the magnet or current. 


61 


62 


Pictures 
ma 


Faraday’s pictures showed 
that the voltage generated in 
a circuit was equal to the 
rate at which the lines of 
force through the circuit 
were changing. 


For the first time physical 
theory moved away trom 
forces acting at a distance 
as IN gravitation. 


Now the space between 
the bodies was seen as the 
active carrier of the force. 


As soon as Faraday discovered jhis effect he slarled 
asking how it was that the lines of force got through spac 


Certain of the results 
which are embodied in the 
two papers entitled 
Experimental Researches 
in Electricity lead me to 
believe that magnetic 
action is progressive and 
requires time. 


PO. a rn 


ee 


When a magnet acts ona 
distant magnet or piece of 
iron, the influencing 
cause proceeds gradually 
from the magnetic bodies 
and requires time for its 
transmission. 


" The influencing 
cause proceeds 
here.and | 
requires Time 
FORTS! 0 3 
transmission. 


Hai an exam ple.Check 
it out. 

When the V7, is closed 
the 2eoccevevoeges attracts 


the & and deflects it 
from magnetic north. 
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_ 1727 J. Bradley 186,233 miles/sec 
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25 years later Maxwell made very good use of this picture. He renamed the magnetic 
lines of force the magnetic field. He renamed the electric lines of force the e/ectric field. 
He produced equations showing how the fields were related to each other. And, as 

an extra bonus, the equations predicted that under certain conditions the fields (lines of 
force, magnetic influence, it’s all the same) should move like waves through space at 
the speed of light. 


Complicated 
mathematics 
though. 


Measurements of the speed of light 
16701. Newton instantaneous 


1676 O. Roemer 141,000 miles /sec 


Yes. Maxwell’s equations 
eee eee implied that light was an 
1849H.Fizeau —-:194,000 mi/sec electromagnefic 

__—— ___ phenomenion,a hitherfo 


1875 A. Cornu 186,400 mi/sec unsuspected form 

1926 A. Michelson 186,281 mi/sec of the electric force. 

1941 C. D.’Anderson 186,269 mi/sec The study of light was Now 
modern value... 186,279 mi/sec to_become a part 


—__£, €£;} te studyof 
Fe | electromagnetism. 


ut not everyone liked Maxwell’s equations. Even 
Faraday was a Dif piqued. 


He wrote to Maxwell: 


There is one thing | would be glad to ask you. When a mathematician 
engaged in investigating physical actions and results has arrived at his 
conclusions may they not be expressed in common language as fully, 
clearly, and definitely as in mathematical formulae? If so, would it not be 
a great boon to such as | to express them so? — translating them out 

of their hieroglyphics, that we also might work upon them by 
experiment. | think it must be so, because | have always found that you 


could convey to me a perfectly clear idea of your conclusions, which, 
though they may give me no full understanding of the steps of your 
process, give me results neither above nor below the truth, and so clear 
in character that | can think and work from them. If this be possible, 
would it not be a good thing if mathematicians, working on these 
subjects, were to give us the results in this popular, useful, working 
state, as well as in that which is their own and proper to them. 


Ir wasn’t until Helmholtz in 4 decided to put all the 
competing theories in order that Maxwell’s equations 
emerged “as the prime candidate for the correct 
theory. Helmholtzs lab became the center for 
resedich into electromagnetic waves and the 
Propagation of light. 


Everyone agreed 


that ‘light was 
aformo 
electric and . 
magnetic : 
interaction, oor Myeacoaeoe but nobody 
f could undér- 
stand how it 
of from / 
Blace to place. 
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dhe mechanism of the transmission of electric and 
magnetic forces was now_a major problem. Everyone 
believed thal some sort of medium (or substance 
was necessary to support the fields. 


*F We have 
reason to 
believe, 
from the 
preva 
of lighf an 
hegtthat there 
isan 
aetnereal 
medium 

Fill 


an 


fale rs 
luminiferous 
aether that was 
fo occupy some 
physicists for the 
next4o years. 


Ba 


sy Until Albert 
did away 


with it a 


The aether was supposed ‘o fill all space... 


...and had to have the contradictory properties: 


2at the same time, 
infinitely rigid in 

order to support the 
light properly. 
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~~ 
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N 1887 two U.S. Americans, A.A.Michelson and 
E.W.Morley, tried to detect ‘the motion of the Earth 
through the aether using very sensitive apparatus. 


N 
ull 


ff 


"U) iin 


This massive 
stone block, 
floating in ~ 
mercury, with & 
an il-meter 
interferometer... = 


CSSD 

SSS SSSA 
SS 

OSS 


1838-1923 
Traveled to Europe 1s80-1882 Collaborated with 
Where he began aether Michelson on his 
experiments in Helmholtz’s lab. return from Germany. 
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smhey found no efect The motion of the Earth through the 


aelner was undetectable. 


, -dlready? 


ioe 
So, what did Albert do..... 


When Albert comes on the scene in 1895: 


1 Hertz has experimentally verified 
Maxwell’s equations 


2 Marconi is busy trying to get 
money to build more wireless radios 


3The aether is assumed to exist but 
no one can find it. 


peep ad 
Albert does 
experiments tO 


try to detect 
the aether ee 
omens 


sooeeand 

nearly injures 
himSel 

seriously... 


trying to 
oust the 
apparatus 
Deyond 
its limits. 
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eceeehe wanted to 
understand whats 
aging on when 

ight propagates 
(spreads out) from 
Place to place . 


Like Faraday, 
Albert preferred 
simple pictures. 


Remember,as 
child Albert 
wondered how the 
compass needle 
could line u 


porting to ine 
oh Pole 
without anylhing 
touching it. 


So Abert tried to form a simple picture of how 
light works. 


ae pee eee Ee I wonder what would 
happen to light if 
I were movin fon 
alon e€ 


hove 
aoe ot ight : 


Bo 
“4 
x 


You know 
1 wonder if we 
need an aether - 
df all. 


From this perspective , 
and after dict oF hard 
work with his friends, 
Albert came up with a 
different approach fo ihe 
problem of the aether: 


7! 
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f course we don't 
know exacily how 

it happened because 
altho’ Albert could 
fake an graument 
apart with"\ust one 

unch, he-Hidn’ 

ike to talk about 
iFall that much. 


No. Albert never gof . 
used to being treated like 
G genius. He didn’t like 

if. So he avoided going 
into detail about “the 
way he thought about 


gs. 


And besides,.... In science.. 
... the work of the individual 
is so bound up wilh that o 
his scientitic confemporaries 
tnat if appears almost as an 
impersonal product 
of his generation.” 


eae 


he key spuzzler in his discussions _with his friends 
was....What exactly would happen if he rode along: 
with a light wave al The speed of light? 


Waves through 


Suppose | was 
the gether 


holding a 
mirror + 
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wo ' 
Be, 
cat ch Up to the 


mirror M) 


You remember. 
Mike Besso, 
one of 
Albert?s 
friends. 


fete Mike. 

ve, been 

frying to Again? Didn't 

understand — that accident 

the aether — inthe lab 
cure you? 
well’? ‘whatis 
if this 


Be» Now if youre 
i moving at the 
a nt 


No listen, 

This is differentt. 

magine youre 
at the 
of 


a 
stationar 
aether. y . 


sont 

sit on to 

of the wove es »« Then the light 
ist moving, 
with respe 
TO YOU... 


ves GN -Can't Interesting/ 
calch up to Listen. You 


the mirror should read Mach's 
fo get reflected i stuff He rejects the 
idea of absolute 


Albert explored this puzzle with his friends for1o years, 
first athe ETH in Zurich from 1895-1900,and then 
at the Swiss Patent Office in Bert) from 1901 10 190%. 


then Albert rt graduated his ETH Sigieacin wouldnt 
pees him, 50 he did d teachin Job 
a year (he was d very 1 good eacher) until Marcel 
G Soe was able-t Fhe some ne to get him 
qa job attne Swiss Patent Offi 


You 
Sure is 
Sgtent 
aten 
p office ? 


++... acommon civil service job for 
sdience™ gradudies in those days. 
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In Bern he meets Maurice Solevine, and 2 
Conrad Habicht. They form the“ Olympia Academy“... 


«» and along with Mileva Maric, Marcel Grossmann 
and Mike Besso, Albert continues to chew over 


T le. 
aS Moving with the speed of igh 


‘will my image disappear ornot ? 


ot: 


ach believed uci physical 
should rn 
metaphysical constructions. 


No one is competent 
’ to predicate things 
about absolute space 
and absolute motion; 
they are pure things 
of thought, pure 
mental constructs 
that cannot be 
produced in 
experience. 


ae ‘of 


Ems Mach 185 8-1910 


ach also believed that a ee) theory m must be. based 


yon prima ary Senge 


Tio s( ae thaf Lenin 


ae creati poled lsmechie later as 
ei 


Abert benefites 


the accept 


ch’s willingness to challenge 
ed .id eds 0 Dena. . 


Mach’s Science of Mechanics 
exercised a Pre ound 
effect on me while I 

was a student. 


I see Mach’s greatness 
in his. incorruptible 
skepticism. 
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erect ean ee 


Since no one 
could Find 
it anyway. 


Here’s what Albert 

fought 200 -. 

No matter how it is that light 
ets from place. to place 


‘aether, shmaether m 
image should not iscppear: 


But, then an observer onthe ground would see the 
light leaving Alberts fo A 


ce at twice ifs normal velocity. 


IF I'm moving at 
186,000 miles per second... 


ee and the light leaves “i =< 
ny face at 186,000 miles 
DEF SECON +06 


eeethen relative to the ground 
the light should be moving at 
186,000 + 186,000 7 pe,000 miles 
per second/ Right? 


But that 
diane 

make sense 
either... 


The speed of waves depended only on the medium and not on the 
source. For example, according to wave theory, sound from a passing 
train covers the distance to the observer in the same time no matter how 
fast the train is moving. And Maxwell’s equations predicted the same 
thing for light. The observer on the ground should always see the light 
leaving Albert's face at the same speed no matter how fast Albert was 
moving. 


But if the observer on the ground were to see the same speed for the light 
leaving Albert's face no matter how fast Albert were moving, then Albert 
should be able to catch up to the light leaving his face and his image 
should disappear. 


Butif his image shouldn't disappear, then light leaving his face should 
travel toward the mirror normally. But then the observer on the ground 
should see the light traveling toward the mirror at twice its normal 
speed. But if the observer on the ground... Oy veh! 


Albert began to try to see if there 
were any way for the speed 

of light to be the same for both 

the moving and the ground observers! 
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tnearly gave him a nervous breakdown... 


| must confess that at the very 
beginning when the Special 
Theory of Relativity began to 
germinate in me, | was visited by 
all sorts of nervous conflicts. 
When young | used to go away for 
weeks in a state of confusion, as 
one who at that time had yet to 
overcome the state of 
stupefaction in his first encounter 
with such questions. 


eory of Relativity is Albert’s solution 
apparently impossible requirement. 


Pee 


In order to make progress Albert first needed to convince himself that his 
image should be normal even if he were moving at the speed of light. Albert 
needed to find some general principle that could give him the confidence 
to continue. 

He found it in an old principle of physics that had 
never been particularly useful before. And that was... 


principle 
relativity 7 ? 


Galles got into alotof 
trouble with the Induistion. 
1 experiments on Eton 


led to ire Principle_of 
Relativity: 


y 


= OL steady 
ees motion is 
} relati d 


a 
& 
SN 


an oulside 
point 


8+ 


What was 
Galileo 
edly 

up to? 


Galileo was 
Professor of 
Mathematics and 
Military 
Engineering at 
pisa, Italy: 


alileo worked on a lot of things. He built the first 
felescope in Italy gn pro ptly gold it to the Doge 
ucals and 4 lilé professorship: 


of Venice for 1000 duc 


Teas 


“| have made a telescope, a thing for < 
every maritime and terrestial affair and an = 
undertaking of inestimable worth. One is ; — 
able to discover enemy sails and fleets at .- NY 
a greater distance thancustomary,so 4 . 

that we can discover him two hours or 

more before he discévers us, and by 

distinguishing the number and quality of 

his vessels judge whether to chase him, g 

fight or run away...” 
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e also used the telescope to observe the moons of 
Jupiter. Belng Practical man who needed money 
he tried to se fis irst to the King of Spain and then 
tothe States General of Holland as a navigational aid. 


Nida i caattion ne alse iat 
e convince peo 
aid evolve arou d he ein pole 


ut Galileo’s main concerns were with terrestrial motion... 


Ss 


Because of 
cannon balls. 


Galileo took up from 
Nicolo Tartaglia who had quessed 
that the maximum range you 

could gef froma cannon 
was fo point it at+4* 


of 


(Fi alileo realized that the motion df projectiles could be 
analyzed by treating the horizontal and vertical 
motions separately. 


So if horizontal and vertical motion are combined this 
should mean thal oe. 


Do 


the cannonball fired from a perfectly horizontal 
cannon and another atthe same time which falls 
vertically from the mouth of the cannon should hit 
the ground atthe same time/ 


That's a strange result / 
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Doesn’t the horizontal motion affect the vertical 
motion at all ? 


When I’m moving smodthly the cannonball’s 
vertical mofion isn’t affected af all. 


Galileo then extended his argumert to say that you 
oon use yertical motion or any other Kind of 
motion To detect horizontal motion. 


000 you ———————e = = Yes. Ive 
cant tell often 


from any = wondered 
effects on = in my 


a ship === capdIN 
whether ————— whether 
itis | SS == the ship 
movin was . 
= 2S moving or 
standing 
still. 


Lan i 
A 


39 


(ge— ind that’s the principle of 
ativity. You cued 


you" oy moving smooth 
ne 


"out looking outs 


The principle of 
relativity panes 
harmless enou 
Negating the ec of 
absolute rest wasn’t 
a rene issue. 
a when aoe 
the poe 
aether if paved 


powertl a Salle 


ecamie the 
Theory of Reldtivit ty 


eo. which firsf 
ies eared in this 
gazine. 


should be able fo seehis image normally even if he 
were moving af the speed o 


be {.\ / spell it 
Ey ae 
Aether e 
= : iG 
Theor y Theor 
y rety | 
Parts | 
Unknown. 


ased on the diyaeshal of Sa Albert argued he 


Because if your image 
disappeared when you were 
moving at the speed of light, you 
could tell you were moving at the 
speed of light just by looking ina 
mirror, right? You wouldn't need 
to look outside, right? Which 
would violate the principle of 
relativity! 
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Impossible according to 
the principle of relativity. 


That was half the problem solved. 
Albert's image should be normal. 

But could Albert see the light move 
away from his face at the speed of 
light relative to him . . . while, at the 
same time, observers on the ground 
would see the light leave Albert's face 
at the same speed of light relative to 
them? 

How could this be possible? 
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rey J 


Lab goes m 
image again. | 
Veen? efling them 


not a 136,000 
miles- Ber- second 
when I’m shaving. 


speed | is distance 
divided by time Cas 
in miles Hour) So 
abe lized that 
speed were 
is So @ same then 
isjance and time 
ould have to be 
different which 
ener there 


must a seqeting 


suspect with time: 


Perhaps the moving observer and the stationary 
observer observed different times . 


If both 
were To 
observe 
the same 


veloci 


for light. 


ae 


Albert 

tone 
rinciple 

bf relativity 


concepts 
of space 
and 
time 

in order 


make it 
come 
out 


all right 


his is how Albert. 
inally expressed it 
in his Annalen de 


Physik article in 1905 : ON THE 
ELECTRODYNAMICS 


OF MOVING BODIES 


he means the propagation of light which isthe 
same thing a 


"as well as of mechanics possess no proper 
corresponding to the idea of absolute rest. 
He means Galileo’s principle of relativity should be 
good for light as well as for ordinary motion. 


We will raise this conjecture (the purport of which 
will be hereafter be called the ‘Principle of Relativity’) 
to the status of a postulate* 


* postulate: a basic assumption 


and also introduce another postulate, which is only 
apparently. irreconcilable with the former 


he means he's found a way out of the contradiction 


namely, that light is always propagated in empty 
space with a definite velocity c which is 
independent of the state of motion of the emitting 
body. 


He means ever ne should always observe the 
ge same velocity Tor light. 


RENE AR RR AT ZENS SRT, REPT REA TR SN A GEN 
These two postulates suffice for the attainment of a 
simple and consistent theory of the electrodynamics 
of moving bodies based on Maxwell’s theory for 
stationary bodies. 


The introduction of a ‘luminiferous aether’ will prove 
to be superfluous inasmuch as the view here to be 
developed will not require an ‘absolutely stationary 
space’ provided with special properties . . . 

He means he’s doing away with the aether once 
and for all. Space will no ingest require _ 
‘special properties’ in order fo transmit light. 


But, certain. 
conventional ideas 
about time 
about lengths, 
about mass, 
about velocity 
had fo be 
chucked out 
and replaced, 
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Ibert’s arguments are very simple because they are 
very logicaf-, IF you accept ine Two posluldtes Albert 
shows exacily how to make it come out OK. 


Albert was very pleased wilh the result. He wrote fo his 


lend Conra 
« i, 


Habicht.-.- - 


[p}ow. Do you see what is poppening | be says: 
rho 


light propagates 


"yOu are 
sland ‘hg sii i ee 


Nice and 
u 
foday. 1 
think [il 
r 
ane: 


eee 
ite 
acne. 


when moving, 


This is, the 
: rinciple of 
i relativity, Alberts 
first postulate. 
Such q 


nice day . 


eee is always. oe pagated in 

Ly es with 

veioat C which his ‘hdgpendet of 
the state of motion othe emitting 
or receiving body” 


An observer on the ground has fo see light moving at 
the same _velocit y as LS, moving observer. 
This is PDE 2nd postulate. 
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Bul what does 
it mean? 
P-B7 male. 


I’m nof sure. 


ee ee 
a: ZZ LZ 


AT AEF LEE 
LLA LLL LLL ZT TL 7 LAP = 


Remember the compass ? 


Albert wondered how jhe 
compass needle interacted 
with the Earth’s magnetism. 


How do magnelic (or electric) effects gef transmitted 
ace fo another’? 


from one p 


Maxwell and Hertz 
showed that such 


Infact they 


magnetic showed 
imeractions could pieneiey : 
only fake place | Sscitoiagnenic 
at a certain effec ‘a Kes 
maximum speed . transmit d 
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Radio waves, microwaves, 
sun rays.etc., all fake 

time to gef from place 
To place. 


100 


o Albert made an inference. Based onthe experience 
with electricity as summarized by Maxwell and 


verified by Hertz, Alberl proposed that there are 
natontenesue ieracionslat all in nature. ie 


Here is the simple physical meaning of Albert 2nd postuldte: 
Every interaction takes time to, get from one place tothe 
ext. a 


And if there are no instantaneous interactions in nature 
enihere musf be a maximum possible speed 


of interaction. 


Waitz second, 
London. Wait 


This is so imporfant we will repeat it: Ifthere are no 
instantaneous interactions in nature then there must be 
a maximum possible speed of inferaction. 


idl 


interaction - which is the speed of light / 


BOS al It’s quite 
CC revolutionary 
(ER LR really. 


he maximum possible speed of interaction in 
nature is the speed of the electromagnetic 


L771, relativity, the maximum 
Zi ||| speed of interaction must 
TK" f=) be the same for every 
cee” observer no maiter how 
they are moving. 


otherwise you could tell you were moving simply 
by measuring athe  g& speed of light 
= ; rd O “i \ 
Cua), 
PERS 


‘Bel 


A 


The speed of light (the maximum speed of interaction) is a 
universal constant. This is Albert's 2nd postulate. 
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aa 


yA 


a 
‘ V+ 
. 2 : 


iN 
i” 


_ lt 


Everyone sees the same speed for light no matter 
how they are moving. 
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This means ,of course, that nothing can go 
ster than 


| th 
og eat? 


Nonsense,/ 
Un-American: 


We cracked 
ths sound- barrier 


The maximum possible speed is a material 
property of our world. 


But how is it 
possible ? 


Well... 
Ibert 
ee st 
that le 7 n 
song e 


1S GOING on. 


Albert has to show: 
1 How everyone can see the same speed for light (c). 


2 What happens when you try to get an object to move faster than c. 


To do this Albert shows that: 
aac eee ee Oe eS 
The concept of time ae 

must be changed ‘ 


The concept of length 
must be changed 


The concept of mass 
must be changed 


Jo this is Albert's position: 


1 There are no 
instantaneous interactions 
in nature. 


2 Therefore there must 
be a maximum possible 
speed of interaction. 


5 he maximum possible speed, 


inferaction is the speed of 
the electromagnetic interaction. 


4 The spee e electromna nétic 
meron iS oh speed 4 
oF 


4 The speed of lighT is the 
maximum possible speed. 


The red Ny difficult part was showing how everyone 
Could sée tne same speed for ligh 


Let's see how he did es coe 
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Ibert nearly drove himself crazy until he realized 
that TIME was the joker inthe Back! The time 
elapsed belween events was nol necessarily the 
same forall observers: 


Remember speed 
is disfance gone 
divided by ine time 


In symbols: 9-2 


o the moving person could observe the light 
te als a certain distance D ina cerfai 
e speed of lighTc.... 


time T 
To give 


eee. While a stahengty person could observe the 

loft traveling a different distance Dina 
ferent time T in just such a way thal she 

would measure exactly the same speed C. 


tis neat. Here's how Albert analyzed the 
phenomenon of simulfaneous events. 


Yes. Albert points out that any measurement of 
time uses the idea of simulfaneous everts. 


We have to understand that all our 
judgments in which time plays a 
part are always judgments of 
simultaneous events. If, for 
instance, | say ‘‘ That train arrives 
here at 7 o'clock” | mean 
something like this: ‘The pointing 
of asmall hand of my watch to7 
and the arrival of the train are 
simultaneous events.” 
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Aber arqued thot sullen events in one frame 
ererte would seer ly be simultaneous 
nner viewed from a ng erent frame. 


Albert called this the RELATIVITY OF 
SIMULTANEITY 


Alber? suggests mer we try fo picture his argument 
interms dd train.. 


+++ asthe moving frame of reference and the 
railway embankment as the slationary frame 
of reférence. 
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ow we can put them together. Let’s have a passenger 
Car too. Mike. 


e 


SOM 


There. Now imagine that someone in the center of the 
Passenger car Holds a device which can send out a beam 
of light in ihe forward direction and atthe same time 
a béam of light in the backward direction. 
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PNnd we further imagine that the front dogr and back 
door can be openéd aulomatically by tne light beams. 


TL 


= 
S 
= 
wS 
. 


Then fo the person holding the device the doors 

= oo the passen ef, car bal n enone: 
a person on the embankment, Abert argués, 

ihe back door wil open before the front doo. 


: Sea Bec: Because for the slationary person, 

io the back door moves forward to reer in the 

Cr] light pulse, while the ont door moves 
ay from the light pulse. 


x 


\N 
fl 


¢, 


Bul which is it? 
tne doors 
open atthe 
same nee or 
don't they ? 


12 


that’s the point. Since the speed of light is to be th 
cane for oth Rares. Albert argues that. « : ks 


Events which are simultaneous with 
reference to the train are not 


simultaneous with respect to the 


embankment and vice versa 


You better give us 
a chance to Ggef used to this. 


1Bake a more common sense example: distance traveled 
Imagine that our person in 
getS up and goes to the 


fhe middl midge of the carriage 
nt 
| Hang on. 
i 
i Okay. 
ee 
{ rad epee 3 (FRO 


= 
ore 


A yow, how far has our imaginary person gone? 


Relative to the train the person has 
gone 44a car length. 


But relative to the embankment the 
person has gone farther 


measure. 


So you see, Albert argues that elapsed time is a relative measure also. To 
the person in the passenger car the opening of the doors is simultaneous; the 
time elapsed between the opening of the front door and the opening of the 
back door is zero. 

But to the person on the embankment the time elapsed between the 
opening of the doors is not zero and depends on how fast the train is moving. 
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Alright. 


Whaft?s 
next ? 


of length. 


Albert asks, what is 


the length of ihe 


passenger car? 


An observer in the train 
measures the interval by  - 
marking off his measuring 
rod ina straight line. 


(This is the length measured 
by the moving observer ) 


But it is a different matter 
when the distance has to be 
judged from the 
embankment. 


Next, Albert argues, is the 
relativity of the measurement 


1 


Rignt. Albert arques thatto measure the length of the 
as seen from the embankment, we have to 
mark the positions on the embankment which are 
being passed by the front door and the back door 
at thé same timeT- as jodged from the embankment. 
The distance betweén Mese points is then 
measured with a measuring rod. 


(This is the length of the car as measured by the stationary observer) 
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Ibert says: 


Itis by no means evident that this last measurement will supply us with the same result 
as the first. 


Thus, the length of the train as measured from the embankment may be different from 
that obtained by measuring in the train itself. 


Abert ig preparing the ground fora reconsider- 


ation analysis of space hme & motion. 


Classical mechanics assumes 
that: aces 

The time interval 
between events is independent 
of the motion of the observer. 


a The space interval 
(length) of a body is 
independent the motion 

of the observer 


Unjusifable / 


intervals are 
relative and 

do depend on 
the motion of 
\ the observer, 
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Aeutin 


S: SAYS * 
Space and ‘me menials The speed of lightis 
are absolute and the speed absolute and spaceand 
of light is relative. time infervals are relative. 


- Space and 5 
time relative! 
Absolute nonsense. 


Albert replaces Newton's metaphysical absolutes, the constructs of absolute space and 
time, with a material absolute: there are no instantaneous interactions in naturel 


Albert's contribution was dramatic because it so fundamentally challenged the 
framework of classical physics that had been accepted for the previous 200 years. 


S67 Gn > Quife r © right. The There’s 


mh on 
tow does | _¢¢* = tha fecibca about 
Gi mat et ry Je 


Felyschs 3 


excited 


Wait a minute. 
What about 


Relativity theory had nothing to do with the development 
of the A-bomb. The Anti-Nuclear Handbook tells the story. 
And we'll discuss this again later. 


Meanwhile lets see wig) ie est of 
Albert's argument consists oft 
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Ibert didn’t just argue that space and time intervals 
needed to be reformulated. He showed exactly how 
o it 


Albert's program: 


To find a place and time of an event 
relative to the railway embankment when 
we know the place and time of the event 
with respect to the train 


such that 


Every ray of light possesses the speed c 
relative to both the embankment and the 
train. 


ee 7 
This question leads 
toaquife 
definite Positive 


answer. 


Since we are talking about 
measurements of distances 
and time, we are talkin 
about numbers. Alber 
needs td use the 
traditional language of 
numbers fo mdke | 

come oul right. 


So we'd better have a look af a bit of mathematics 
first to see how that all got sfarfed and how it relates 
to physics 


There are at leas! 7 more dinosaurs 
around here.We'd Detter tell 
e others. 


Tallying has been dated to 30,000 BC. They used 
pig.tes Bowe. dg $32 000 BC They 


Ch dy ah 


And the next big slep was measurement, which got 
ifs real start win Fhe rise of ihe cities. a 
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Hey man,howfar is it to Gizeh? 


Yl zs 


T ie Egyptian ruler-priesis needed measures of 
dislafice, area, volume and weight to assess taxes 

andrunthe slate. zum ee 

YY, obras Ali 


yy, 7 ‘ / vf ' 
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O° keep records, of what they were doing they had 
fo write down. the accounts. So writfen humefals 
were The nex!slep. And this is where mathematics 
ie fo ef mys led. Because the priests kepr 
wriling for Themselves. 


A : 
Bobyotion 
umerian 


ee 
2075 


ae OO EE 
A 119 7711 ON: 


tfirst they wrote their numbers like this 
Vor O10 


50 a number like 59 would be written 


a joter the Babylonians developed the first place 


They used a base of 60 


YY YY YY 


2XG0K00" & ZKOO- #2. = 7522 

or: 7322 = #X(lOx10x10) +3 x (1x10) + 2x10 +2 
The Babylonians had as good a computation 
system as ours. 


You owe me Thats 122 
bushels 
too many. 
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Bow a skill developed in isolation for centuries by a 
special group of people ‘may become somewhat Poring. 

By ce ¢. the Babylonians had made up lots of \itt) 

problems for their own instruction and amusement. 


This was the beginning of ALGEBRA 


th rf 
iall down 
on cqy 


tablet 


Babylonian tablet. 1500B6. 
wih, clgebr equation 
on if. 


Of course if was not exactly whal we now use. 
The Papyioniene didn't have. aera 
.(Ihat had to wait for the rise of the 


otatio 
Islam and Hindu merchant class) 
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Lihat the Babylonians did was to pose an abstract 
problem » 00 0 


Find the 
side of 
a square if 
tne area 
less than 
the side 

1S 14 x60+40 


e000 OG d then ive the 
detailed sleps fo the solufion : : 


= 
Take hal of Now add half of 


one and one and the 
multi b rasult is 30, the 
ply by us eu 


hal side of the square. 
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hile what we do now is wrife 


C- +870 —P -X22 +/+ 870 = 30 


Meres not much Aifference really. a fact we, ote 

equations on modern computers’ with eyactly the 

care Sa method first used by tte y 
rests. 


Babylonian 


computer 
code to 
solve 
X*-2C = 870 


To run: enfer 870 


enter 1 
hit start 


divide Lby2 and 
slore it,mulf Py 
2Xz and add970, 
take the square 
root, recall + 
and add if. 

Ans. = 30. 


rom here ifs a bid 
ump to the Greeks who came up 
itn the idea of 


17 


ia wee PROOF 


Bul Your Honor 

Icar prove | : 

wasnt anywhere 
neartnere! Gy 


Se soy fe te the Greek legal system that 


Pythagoras is said 
tain Ean 
ns onian 
anol Chinese results 
and tried (with his 
followers) to provethem. 


tina oreans. 
ey didn’t eaf 
bedns. 


mystic, mathematician, 
showman. 
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famous example is the Pythagorean Theorem. 


Remember this from school ? 


square on the 
hypotenuse 


The square on the hypofh Is the sum 
of the squares onthe cher wo cides. 


We write it nowadays as C2=A2 + B2. 


. and we mean: Take the length of side C and multiply it by 
itself. This gives the area of square C. Do the same for squares 


Keep this in mind - 
Nbert will use it later: 
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Plato used 
_ | mathematics 
“ag as an 1.Q. 
dm tect... .. 


...and he had 

these weird 

rules about what 

was permitted in 

O° etry that 
NG 


éd every- 
one fora long me 


) Ey 
ae 


‘ch reek mathematicians iaored for cerituries trying to 
trisect an area only a compass 
and a draighi 


why dont 
we just 
Meagure it? 


Quang 


GY 


ecee ANd that was 
where 
matters 
stood untill 
the Hindus 
invented 
our modern 
algebra. 


Aryabhato (A.D.470) wrote down all fhe ane ele of 
UPN nor. og division and a gee ra that we use 

fod joeay. {hey madé up exercises(like the Babylonians) 
© now with calculations of taxation, debt and 

interes 


Amerchont | At the firet 
pays he gives 3 of 
duly on his goods, —ext 
ar cerlain at the second * 
oods at 4 of what he 
has left and 
different atthe third 
places. 3 of the 
remainder. 
The total 
equals 
24 coins. 


x = what he had 
at first 
ne at Gives up 32 
first ? gives up (3x) 
ee up RAC: $x)) 
x : 356 COINS 
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ly eanwhile Medieval E Howed in th 
fhe Age of Faith unt oe S a RD 


Mary | is 24 years 
Mary is 

ah as ol 

Ate was ‘hen: 


Mary WQS a5 
old - nn IS now, <= 
How old is Ann? 


Now improved mathematics, was needed for 
astronomys for navigation, for gunne 
shipbuilding , for h yal engineering. for 
building te rola} 


So there came: Algebraic notation Vieta (1580) 


/ disputed 
~_ priority 


Decimals Stevinus (1585) 
Logarithms Napier (1614) 
Slide rule Gunter 1620) 
Analylic geometry Descarles(1637) 
Adding machine Pascal 11642) 
Calculus Newlon (i665) 
Calculus Leibniz (1634) 
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F course there has been a long history of number 
mystics who were very impressed with their own 
CIEVErNESS oo 06 


Pythagoras: Bless us divine number, who 
enerated Gods and men. 
Rumber containest the 


Ann root and source of _ 

iS eternally flowing creation.” 
8 ee P; ” 
years | Pldio: God ever geometrizes 


Galileo: “The book of the Universe 
fs writfen in mathematical 
language, without which 
one wanders in vain through 
adark Labyrinth. 


Herlz: "One cannot escape the 

feeling that these 

mathematical formulas 

haye an independent 

existence and intelligence 

of their own, that Hey are 

wiser than we are,wiser even than 

‘heir discoverers, that we get 
more out them than was 
originally put into them.” 


eee and who forgot 
the geen! impulses 
that led them to 
mathematics 

inthe first place. 
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pssel... . ever since the mathematicians have 


aried 
on relativity, I myself no longer understand it. 


But in reality mathematics is only a language 

invenied by human Dewge 10 escribé siz@S and 

qucuine? and relationships Defween measurable 
ings. 


And thats.exactly how Albert used math...» to,express 
the relationship between the place and time of an event 
in relation to the embankment when we know the place 
and time of the event with respect to the train. 


And now let’s have that passenger car again Mike . 


Actually this passenger car is abit complex.Can we 
have something a litle simpler looking ? 


That's better. You know, we could do away withthe car 
altogether and oe indicate a moving frame of reference. 
How about tryifig that? 


x‘ isthe distance along 
the car. 
“is the distance 


up the car. 
v is the speed of the 
moving frame. 
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here, thats simpler. Now we have a moving frame of 
reference y’x’ 


And a stationary frame of reference x Yy 
x isthe distance along the embankment 
y isthe distance up the embankment. 


Which corresponds to the passenger cat ong the . 
embankment. We mark an event in te moving frame by ifs 
coordinates y’x'and time Tt and we mark ‘Ne same 
event in ine’ slationary Trame by its coordinates yx 
and ils timex. 


Nbert now arques(usin 

algebra) thaf the yelahanship 

bétween the coordinales 

of events In ine two 
eyslems |s | | 


137 


The s stem of 
uations on page 1 

Ko wh b aor 
my name. 


SE AA Mobite ro 


eS == Dutch theoretical physiclSt 
== = Lérentz fransformatio 
= senior statesman 
= ysics and friend 
———— of Einstein. 


Right. Now we must show whal’s going on here «eee. 


Imaaine that both frames of reference are at rest 
(relative to each other 2A course). 


And we have two identical rather special_lighl clock 
in them ( designed by the US. physicist R Fe many. 


158 


the liant bulb aives out reqular pulses 
ght rich oN up te foe fr or, get 
ounce back 
ee ioe goes Click ack toe 


Now we imaaqine 
that the s’ agin em 
Is given a ¥ locity 
V Sothat itis a 
movin | sdect 


ihe oyotern 
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The observer in 
S sees her cloc 
work exactly 
the same as 
when she was 
at resf, 


How 


Otherwise the principle of cy soul be 
wrong. Ir her clock cian when she was moving 
she pul then tell she Was moving by noticing 
change. 


But the stationary 
observer, 

looking at the 
moving S clock 
sees something 
completely 
different. 


4 
YY 
<f 


PULSE PULSE 
EMITTED ABSORBED 


Moving frame of reference S as seen by the observerin&® 


ee points out 
thet ih e velocit a 
tight is the same 
for | observers. 
Thus the slationary 
observer hears 
more time elapse 
beTween clicks on 
ihe moving clock 
than on thé stationary 
Clock because of the 
longer pain Ls ue 
as Seen 
ground. Abert says 
oving clocks 
slower than 
stationary clocks! 


AND Wwe can 


formu a 
ormula from 


di erence: 


141 


Dont have a nervous breakdown. 


a goslowly 
b_ use pencil and paper 


c geta friend to come along! 


The Key Terms: 
as 


the speed of the moving frame 

the time between clicks in the moving 
frame 

the time between clicks in the 
stationary frame 

the speed of light 


The time, t’', between clicks in the moving 
frame is the time the light takes to reach 
the mirror L/c plus the time it takes to 
return, again L/c. 


pene Abs 
so t= C 


OW 


2 | But the time, t, between clicks as heard in 
the stationary frame is the time it takes 
light to travel the triangular path, h. 
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Nowin the time t, the moving frame 
moves a distance d. Andd = vt. 


4 And now we can use the 1500-year-old 
Pythagorean Theorem (on page 129). 
Remember? “The square on the 
hypotenuse equals the sums of the 
squares on the other two sides.”’ 


hy -(3d)* sl Be 


“ 


Ze 


as 7 aa 


5 | But we just saw that 


h isrelated tot: t: = or h= ct 


d isrelated tot: d= vt or ;d- 


L is related to t! ie 2 or L= oe 


ESSE Sere Sea ee Eee 
6 | So what we got before (h2=(%d)2+L2) 
can now be sukstituted for: 


(Z) (at (2) 
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Pind if we want to 
solve for what t ' 


equals we get t 


An astronaut goes off in a rocket at 8/10 the speed of light relative to the Earth. After 30 
years has elapsed on the rocket how much time has elapsed on Earth? 


t', the time elapsed on the rocket = 30 yrs. 
v, the speéd of the rocket = 8c 


Sowith Albert's formula 


ts Boys 3 Soyrs : 30 yrs 
(8c)? .64c? 
j- GBoP fj- =SEi- 64 | 
or 
ie OWS SOWws | 50 ; 
° ° E10pse 
56 6 outer 


Now stop and decide if you feel like reading it through once more. 


Albert ’s conclusionis... 
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MAS wih vx from s the clock is moving 


gel iaeal 50 the ie which 
elapses een two slrokes o 
the clock is nof one second 
but____1 _—s seconds. 


1-V %2 
i.e. a somewhat longer time. As a 
ed uence @ motion, 


clock goes more slowl en 
when goes y 


Whew, 
this is 
ridiculous: 


want to 
find out about 
relativity, didn’t you ? 


What Albert achieved was a glimpse into how the world looks when things 
move at close to the speed of light. This is so far removed from everyday 
experience that it takes a certain amount of work to visualize it. 


But remember, Albert was led to this picture by a desire to understand how 
electric and magnetic forces propagate. He realized that the new area of 
experience represented by Maxwell’s equations required deep modifications 
of the ideas based on the old area of experience represented by Newton's 
laws. 


5a 


ow all we e have to show is how the velocities come 
out right 


as Yes,you remember 
Velocities t every observer must 
seetne same velocit 


of light no matter . 
how “they are moving 
Gna sleady y way 
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of course). 


Mike, lets have our passenger car again. 


Good. Now we imag agin, that our 
ead in the middle&cf the, car 

and walks TO the front door 
gets aie We Sree et hour. We 
further imagine that the train is 
sual ata velocity of v=20 miles 
per hour. 


Rasta gcece! 


Mideli,now fost is | 
our person moving U. with J 
respect tothe embankment? 4] 


U=V+W=20+3 mph? 


that's right (almost). 
But Albert Tells us that 
the distances and times 
measured on the train 
are not the same as the 
distances and times 
measured on the 
embankment 


Well, to take relatwity into account 
we just have to be very precise. 

In feality when we say that a 

oooene person walks at 3miles per hour 

ee) oan with respect to the train we mean 

I) Go that they cover the distance 

to the front door Xin atime t where 
xandt are measured on the train, right ° 


HF 


nd we know that distances and times as measured on 
train are not the same as when measured from the 
embankment, right ? 


Hum, 


So what we need to dois to convert X‘andt’as measured 
on the train into 2c andt as measured on the embankment 


Doing this Albert shows that the velocity U of the person as 
seen trom tne ground is given by 
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What's 
it mean? 


So you see the velocity of the person with t to 
the Ground is changed dust a litle from 20+ 3mpn 


2 Ornites/he-+ Smites/hr 
U- 1; 20x3 


(Velocity of light)? 


Now the velocity of ig eae eco 
at the 


miles per second ,so rrection 


is very small ordinarily. 
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B ut ecu ine formula when the train goes at the speed 


Now_imagine that our person sends out a light flash to 
the front of the train. s 


Inthis case V = velocity of the train=C 
and W: velocity of the light Flash 
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so U 


with respect 40 “he train=C 


the velocity of the light Flash 
with re speck to the-ground 


iS pa_ cre 2c 
U- 1,66 “2° * c! 


It’s aneat formula. Albert has shown that his proposed 
modifications of space and time intervals lead to a new 
formula for the addition of velocities. The new formula 
expresses the new fact: there are no instantaneous 

interactions in nature, nothing can go faster than the speed of 
light. 


Don’t get worried. Among physicists there’s a saying: ‘You 
never really understand a new theory. You just get used to it.’’ 


Understandingis based on experience and it is difficult to 
accumulate experience about things moving near the speed 
of light! (Unless you’re a worker on high-speed particles.) 
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Ibert has to show what happens when youtry to 
get an object fo exceed the speed of ight) : 
This is how Albert arques: 


To gef an object moving you’ve gof 
to apply a Force. 


4 Force strength, power 13¢. 
body of 


armed men 14c. 


strona, producin 
a powerfull effect féc 


From Latin 
A.D.200 or earlier 
fortis strong 


push ora pul = —— 
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y 
: 


it 
an 


| | 


D 
[ 


or a constant steady push, say; by an engine. 
There are lots of practical difficulties in applying a large 
steady force to an object. Air resistance. 
Mechanical breakdown. 
Running out of fuel. 
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But Albert is concerned with a deeper difficulty, If there 
are no instantaneous. interactions in nature and if the 
speed of light is the fastest you can go, what exactly 
does oppé when an objéct starts~to appoach 
the speed of light? 


wow! 
Does it explode ?!? 


No.Waitandsee. <= 


A 
We imagine we apply a steady 
force to a particle 
(which we call an electron). 


La 
‘li 


a 


NoNo. 
Electrons 
are much 
smaller. Oh 
well. Never 
mind. 
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hen an object picks up 
speed we say if cecelenales. 


Hey, what about Mach’s 
and Heriz’s criticism ? 


Tt was Newton who 
postulated_a connection 
between force 
and acceleration. 


Oh, sto 
snowing’ off / 


Newton said F=ma. Or a- Fim, The acceleration,a, 

iS ail abe to the applied force, F, and is 

ere oportional to the mass, m (also called 
tne inerfi ia) No the object. 


The bigger the force the faster it picks up speed. The 
bigger Ine mass or inertia he harder it is to get if 
moving fast. 


“power to 
weight ratio” 


155 


Bt is easier to get a light car rolling than a loaded 
Truck. 


But we'll return To the concept of mass or 
inertia ina moment. 


Ye. [ 
Bit lef’s 
analyze tne 
motion 

of the 
electron 
first / 


If the electron is at rest then its subsequent motion is 
given by F=ma. 
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But suppose the electron already has a speed v? 


Then the electron is at rest with respect to a frame of 
reference S‘ moving with velocity v with respect to S. 


t 
S| FE ae S'is moving 
, a a 
s S 15 
stationary 


Relative to S’, the electron has an acceleration a= F/m (because the electron is at rest 
relative to S‘). 


Ah ha/ Albert uses the Lorentz 
transformation 
(see page 137 ) 


Right. Albert knows how to find the place 

and time of an event with respect to the 
embankment S, when he knows the place 

and time of the event with respect to the train S’. 
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sBhe event inthis case is the acceleration of the electron. 


Here's what happens: 
1 The electron goes faster because of the force 
but 


2 in the frame where the electron is at rest the time over which the force acts gets 
smaller and smaller compared to the stationary frame (moving clocks run slow, 
remember?) 


3 In the frame where the electron is at rest the force acts for a shorter and shorter time, 
the closer the electron gets to the speed of light. As seen from the.ground the electron 
hardly has time to get pushed at all! 


Wow/ You give bellu 
little fing rand tyra 
your whole arm/ 


He your 


Albert expresses the process by a concrete 
new formula. 


EINSTEIN'S FORMULA 6 3 
9 ei 
¥ 3 


NEWTON'S FORMULA 
1686 


1905 


a-F(r¥ 
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Once again, 

the new formula 

re-expresses the new fact: 

There are no instantaneous interactions in nature. 
Nothing can go faster than the speed of light. 


Albert's formula shows that when 
v=c, a= zero! So even if you 

keep on pushing, the electron 
doesn't pick up any more speed. 


ual 


Ee, 
a 


The meaning is ‘relatively’ straightforward. 


if you push on an object with a force and it hardly picks up any speed at all, you say it has 
a lot of inertia! 


Thus as the electron approaches the speed of light it appears to get heavier and heavier 
because it becomes harder and harder to increase its speed. 
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PWibert now wants to show how the speed of the 
electron is related to its energy. 


The definition of energy goes back 
again to Newton's Laws. 


1 When a force, F, acts on a body of mass, m, 
fora distance, d, it is useful to say that work, 
W, has been done on the body. 


2 The work, W, is assigned a value W = Fd. 


3 By using F=ma you can show that the work as 
defined by W = Fdis exactly equal to 4% mv2. 


4 The expression % mv2 is also given a name. It 
is called the kinetic energy of the body. 


6 The more work (Fd) you put into pushing a 
body, the more kinetic energy (%mv2) it gets. 
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Albert now says 

"Wait a minute. 

We can put in the work 

( W= Fd) but the body 
doesn't pick up speéd 
in tne same way. Why ? 
Because now 

F = ma 


(-EY% 


So Alber?’s modification jeads to a new 
formula. The work now equals: 


Ifs all 
naming game 
connected up 
by F=ma/ 


ESS S 
aN 
= BS 
———— 
SSS 


EM 


ee 


> 


= we 
=, 
= 


Gy 
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Ibert is sdfisfied. He concludes oo. « 


When v=c, W becomes infinite. Velocities 
greater than that of light have — asin our 
previous results — no possibility of existence. 


REMEMBER: V =velocity 


C =speed of light 


Albert arques that as you give an object more and more 
ENETGY ove» 


00s instead, of going faster and faster 
itgets heavier and heavier! 


So even if you gave a rocket 1,000,000,000, , 
002:000,000,000, 000,000,000 00 
041000+000,000.000,000,000 900, 4 
00,000 ,000,000,000,000,000,000,00° 


990.0008 
4 


00, ‘000 foot pounds of et i jroula stil] be 
going less than the speed of light 


162. 


Eu that's not all. 
It work goes into 
iving he 
ody more inertia... 


ooe then inertia 


must contain energy/ aoe 
Wa 


20000 


Yes. Albert says we need a new definition of energy. The old Newtonian one 
(k.e. = %mv2) is only good for speeds much less than the speed.of light. 


S0.0- 
mc2 


Albert has shown (page 161) that the work W equals (12/2) 4 —V2/¢2)% — 


mez 
So Albert says let’s cail the quantity (= V2/e2) %- the energy E of the electron. 


Then, with this definition of energy, Albert's formulareads E=W+MC2 


What Albertsays i iS ooeven if W=zerds If yOu 
cee ut in any workat all 
7) eels n still has an 


Hele equal To 


~-E=-MC?! 


the most 
famous 
equation 
of 


Not quite like this----..-.- but more like this: 


e¢ The mass 
ofa body isa 
measure of 
its energy 
content . 


Albert wasnt 

afraid to 

reach for 

a simple 

genera 
onclusion! 


And to show how it could work he Wiete a 
little 3 page paper in 1905 called - F 
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4 DOES THE INERTIA 
io Am OF ABODY DEPEND ONITS 
ENERGY CONTENT? 


Albert's argument in this paper isn’t a proof. 
You can’t prove a definition. Ail you can do is show that is makes sense. 


So without driving ourselves crazy with more formulas, here’s what Big Alis driving at: 


the old definition of work (W = Fd), combined with 


the new fact, nothing can go faster than the speed of light expressed by 


F = Caer means that 


the work goes into making the body heavier. Therefore 


and to makeit CONCRETE... 


the relationship between energy and inertiais E=me2 


But remember .. . nobody really knows what inertia is — 
or why objects have itin the first place! 


Go work adds to the inertia of a body and by implication inertia has energy 
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Albert just argued that energy has inerfiaand inertia 
has ertergy: 


He didnt thi t how toget th 
pags inthe fet eeee about how oget the energy 


E =MC2Zis not (as some folks think) the formula for the A-bomb. 
Remember, Albert proposed relativity in 1905. The A-bomb 
project began in 1939. Nuclear physics was developed by other 
scientists, like Joliot Curie, Enrico Fermi and Leo Szilard. 


Szilard in 1934 came up with the idea of the “chain 
reaction”’ release of atomic energy. 


Szilard wrote a famous letter, 2 August 1939, to President 
Roasevelt, which Einstein signed. Roughly, this letter said: 
Nuclear energy is here. Scientists in Nazi Germany are also 
working on it. Plainly, it is a decisive strategic weapon. 

The President must decide what to do about it. 


Later, after the A-bomb was dropped on Hiroshima, Albert 
said: ‘If | knew they were going to do this, | would have become 
ashoemaker!”’ 


Einstein won the Nobel Prize in’ 
1921 and became a popular 
world figure. 


Al, here’s your 
Nobel Prize 
money: 


Send it to my 
ex-wife Mileva, 
with my love. 


ravity and 

electricit 
must be 
related 

somehow..... 


Albert made other fundamental contributions to physics. His general theory of 
relativity (1916) was a new relativistic theory of gravitation which replaced Newton's 
old theory. 

And Albert was a central figure in the debates raging round the quantum theory — 
anew theory of the electron. 


Albert's materialist questioning attitude had encouraged a younger generation of 
research-workers to overthrow even more of classical Newtonian physics. 
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These researchers went so far as to throw out the rules of cause-and-effect. 
(Essentially, they said you couldn't know for sure where an electron would go when 
you hit it. All you could say was where it ‘‘ probably’ would go!) 


Albert didn’t approve of this at all. 


understand 

the 

electron. 

Why won’t 
Ou 


accept 
ee 


Danish physicis 
and founder of the 


"Copenhagen School” 
of quantum theory. 


Up to his death in 1955 Einstein was active, opposing McCarthyism, working with 
Bertrand Russell on disarmament, and still worrying about how to unify electricity 
and gravity. It may still be done! 
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Albert was a radical and a Jew. He never lost his political 
perspective and his consciousness of being a member of an 
oppressed ethnic minority. 


This statement on socialism, part of a longer analysis, 
appeared in the U.S. magazine Monthly Review in 1949... 


WHY SOCIALISM? [i 


T.. situation prevailing in an economy based on the private ownership of capital is 
characterized by two main principles: first, means of production (capital) are privately 
owned and the owners dispose of them as they see fit; second, the labor contract is free. 
Of course, there is no such thing as a pure capitalist society in this sense. In particular 

it should be noted that the workers, through long and bitter political struggles, have 
succeeded in securing a somewhat improved form of the of the ‘free labor contract’ for 
certain categories of workers. But taken as a whole, the present day economy does not 
differ much from ‘pure’ capitalism. 

Production is carried on for profit, not for use. There is no provision that all those able 
and willing to work will always be in a position to find employment; an ‘army of 
unemployed’ always exists. The worker is always in fear of losing his job. Technological 
progress frequently results in more unemployment rather than easing the burden of 
work for all. The profit motive, in conjunction with competition among capitalists, is 
responsible for an instability in the accumulation and utilization of capital which leads to 
increasingly severe depressions. Unlimited competition leads to a huge waste of labor 
and to a crippling of the social consciousness of individuals. 

This crippling of individuals | consider the worst evil of capitalism. Our whole 
educational system suffers from this evil. An exaggerated competitive attitude is 
inculcated into the student who is trained to worship acquisitive success as a 
preparation for his future career. 

| am convinced that there is only one way to eliminate these grave evils, namely 
through the establishment of a socialist economy, accompanied by an educational 
system which would be oriented toward social goals. 
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BOOKS ABOUT RELATIVITY 

i ee aa) 

There are thousands. The trick is to find 
ones that seem to make sense and stick 
with them. Working from three or four at 
once can be helpful. But there’s no 
substitute for talking the ideas over with 
friends. 

i have based my own presentation on 
Einstein's 1905 paper and on his popular 
book which closely follows the outline of 
the 1905 paper. 
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L. Landau and Y. Rumer, WHAT IS THE 
THEORY OF RELATIVITY?, MIR 
Publishers, Moscow 1970/Basic Books, 
New York 1971. A popular Soviet 
account. 

If you're not put off by the math, 
textbooks can be quite helpful because 
the accounts are nice and brief. Here are 
another two somewhat advanced but 
useful books: 

THE FEYNMANLECTURES ON 
PHYSICS, volume 1, Addison Wesley, 
London/Reading, Mass. 1963. Chapters 
15-16 contain Feynman’s comments 
about relativity. 
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